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Abstract

CHEM 312 Laboratory Materials

Project Outlines

The next generation will experience a large shortage in scientists
due to the loss of interest of middle school students in STEM fields.
In efforts to increase middle school students’ interest in STEM
topics, the Instrumental Methods of Chemical Analysis chemistry
class (CHEM 312) at Trinity College has partnered with a Hartford
Magnet Trinity College Academy sixth grade classroom for the
past three year to do a water testing experiment. Recently, the
sixth grade curriculum discontinued the study of the water cycle
and, instead, includes an in-depth section on soil. Through
interviews with sixth grade teachers and college professors,
consulting research on curriculum studies, performing weak acid
soil digestion and soil analysis through inductively coupled
plasma atomic emission spectroscopy (ICP-AES), this research
redesigned the combined campus activity (the community
learning initiative) to involve soil analysis instead of water analysis
while engaging both the college and sixth grade students. This
project has produced both sixth grade classroom materials and
an NPK soil analysis test kit to be used on the day of the
combined campus activity as well as a procedure for weak acid
soil digestion by ICP-AES analysis to be used after the combined
campus activity by the CHEM 312 students.

Community Partner
Laura Thompson, the head teacher of a sixth grade science
classroom at HMTCA served as the community partner for this
project.

Background

•

Functions of NPK Soil Analysis and ICP-AES Soil Analysis

Laboratory manual procedure for weak acid soil digestion
and ICP-AES instrumental instructions
•

NPK Soil Analysis
The nitrogen, phosphorous, potassium (NPK) kits will be used during
the CLI activity at HMTCA. These kits will analysis the soil for
nitrogen, phosphorous, potassium, and pH. NPK kits were chosen
for this CLI activity because sixth grades study an in depth section
on soil and the nitrogen cycle, so it would be worthwhile for them
to observe the concentration of nitrogen and its relation to the
location of the soil sample as well as its relation to the
concentration of phosphorous, potassium, and pH.

Community
Learning
Initiative NPK
Soil Analysis
Activity
5-8

60-70 HMTCA
6th Graders

CHEM 312
Students

•

Rubric for post-lab video summery (to send to 6th graders)
•

ICP-AES Soil Analysis
CHEM 312 students will use inductively coupled plasma atomic
emission spectroscopy (ICP-AES) to analyze the 6th grader’s soil
samples for 19 metallic elements. ICP-AES provides a more in
depth analysis of the soil samples than the NPK kits. The CHEM 312
students will use ICP-AES instead methods of analysis since ICP-AES
can be used for a multiplexed analysis.

•

6th graders collect soil
samples

CHEM 312 students
take remaining soil
samples back to
Trinity chemistry labs
to perform further
analysis using ICP-AES

6th graders and
CHEM 312 students
participate in NPK
analysis at HMTCA

Previously, the lab manual procedure was for
analysis of water, soil it was rewritten to include
new sample preparation procedures for soil
samples.
In previous years, CHEM 312 students were
assigned to specific sections of the video, but this
made the video very long. It also meant that CHEM
312 students were limited to the section they were
assigned. To resolve these issues, the rubric has
been rewritten to instruct each set of lab partners
to create a full video for the sixth grade students.
The video will summarize the results obtained from
the ICP-AES analysis of the soil samples as well as
an age appropriate explanation of how the
instrument measures concentrations of elements in
the soil samples.

Rubric for CLI reflection

CHEM 312 students
create a video of
their finding in the soil
samples and send
the videos to the 6th
graders

•

While there was a previous CLI reflection as part of
the post lab assignment, it only asked students
about their general experience. The rubric for the
reflection has been rewritten to receive feedback
from students on their experience learning through
teaching.

Impact

Figure 2a. Diagram depicting the two audiences coming together to participate in the CLI activity.
Figure 2b. Timeline of the research project.
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CLI Curriculum Materials

Learning through
teaching can be
a powerful
learning tool for
college
students3

Hands on
experimentation
benefits student
learning and
achievement2
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Research Question
How can the Instrumental Methods of Chemical Analysis
(CHEM312) CLI incorporate updated sixth grade curriculum
standards at HMTCA?

Methodology
• Curriculum comparison
Classroom Learning Objectives
CHEM 312

HMTCA 6th
Grade4

After completing this course, students should be able to:
1. Identify common sources of noise in instrumental measurements, and formulate strategies to maximize signal to
noise experimentally and through data processing
2. Explain the chemical basis of the signals produced by instrumental methods, including how the physical
components of each instrument transduce chemical information into data
3. Evaluate potential instrumental methods in the context of a specific analytical problem, identify the best
method for the problem at hand, and justify your choice
1. Trace and evaluate the argument and specific claims in a text, distinguishing claims that are supported by
reasons and evidence from claims that are not.
2. Write arguments to support claims with clear reasons and relevant evidence.
3. Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with
diverse partners on grade 6 topics, texts, and issues, building on others’ ideas and expressing their own clearly.

• Experimental observation
• Literature review
4. Grade 6: Building Evidence-Based Arguments – Energy Crossroads.. Retrieved December 05, 2016, from
http://ctcorestandards.org/?page_id=12803

Graders
Cost

# of Tests

Time per Test

$15.65
10 of each test;
($1.57/test)
40 total

LaMotte NPK Soil
Test Kit 3-5880

$29.95
50 of each test;
($0.60/test)
200 total

30+ min
extraction

Easy, 5 steps

Science First Soil
Test Kit

$16.50
10 of each test;
($1.65/test)
40 total

none

Too easy...

10+ minutes

Mediumdifficult, 10
steps

$57
($3.80/test)

15 of each NPK
test, 30 pH tests

30 min
extraction

Accessibility

Leaf Luster 1601
Rapitest Soil Test
Kit

LaMotte Model El
Garden Kit

6th

Medium, 9
steps

• Nitrogen, phosphorous, potassium (NPK) soil test kit
• Worksheet for 6th grade students to fill out while completing the activity
• To make the activity seem more like a classroom exercise and
encourage the 6th graders to relate the activity to their curriculum,
the worksheet was formatted similar to Laura’s usual classroom
worksheets. Additionally, the worksheet contains discussion questions
for the 6th grade students to talk about with the CHEM 312 students
during the 30 minute extraction period. Discussion questions were
formulated with the objective of exposing 6th grade students to
different routes to STEM professions.
• List of materials for each station to increase classroom organization and flow of
the activity

-Engage with their
curriculum in a hands on
experiment that supports
their curriculum and has
the potential to benefit
their success on
standardized tests

-Interact with college
students pursuing STEM
careers which has the
potential of influencing
their interest in STEM
subjects

CHEM
312
Students

-Learning through
teaching

-processing samples
which have been
collected by a partner
(6th grader) thus carrying
more meaning than most
other labs

Challenges and Future Work

Figure 3a. Photo of LeafLuster NPK soil analysis kit. This kit
was chosen since it accounted for starting color or in
extraction solution and provided better color contrast.
Figure 3b. Photo of LaMotte NPK soil analysis kit. This kit
did not accounted for starting color of extraction
solution, so the in results were difficult to read.

Sample Discussion Questions:

1. What’s your favorite class?
2. What was your favorite class in middle school?
3. How did you choose your major?

•

Scheduling between two campus has made it difficult to set a
date for the CLI activity.

•

Although increased efforts, attention, and time from CHEM
312 students could have significant positive impact on sixth
graders, this type of commitment is not appealing to the
majority of STEM students.

•

In the future, we would like to collect survey date from both
groups of students.

